Objectives: Patients with a single ventricle infrequently undergo total cavopulmonary connection as preadolescents, adolescents, or adults. The purpose of this study was to clarify the characteristics of this cohort and to analyze the factors influencing outcomes.
See Editorial Commentary page 1177.
In 1971, the ''classic'' Fontan operation consisting of an atriopulmonary connection was introduced for the surgical management of patients with a functional single ventricle. 1 The original criterion for selecting patients included age more than 4 years but less than 16 years. 2 Approximately 20 years later, the ''classic'' Fontan operation was abandoned in favor of the total cavopulmonary connection (TCPC). 3, 4 Currently, the TCPC is generally performed in children aged between 1 and 4 years, and is rarely performed for preadolescent, adolescent, or adult patients. Data indicate that long-term volume overload of the systemic ventricle leads to impaired ventricular function and progressive myocardial hypertrophy, 5, 6 and that progressive cyanosis leads to reduced exercise capacity. [7] [8] [9] Thus, volume-unloading surgery, such as the bidirectional cavopulmonary shunt (BCPS) or hemi-Fontan procedure in infants, and early transition to Fontan circulation via the TCPC procedure, is preferred by many centers. [10] [11] [12] On occasion, late referrals occur in older patients, who present with a functional single ventricle and are candidates for TCPC surgery. The TCPC procedure carries a greater risk for older patients than for young children because of longterm cyanosis and ventricular volume overload. Increased systemic to pulmonary collateral flow, development of systemic venous collaterals, and pulmonary arteriovenous malformations after a superior cavopulmonary anastomosis also increase the risk of a Fontan completion. [13] [14] [15] Even under these circumstances, volume unloading of the single ventricle and simultaneous improvement of oxygen delivery may provide improved ventricular preservation, decreased atrioventricular valve (AVV) regurgitation, improved exercise capacity, and improved survival. Although Fontan surgery in juveniles and adults has been performed over previous decades, 11, 12, [16] [17] [18] [19] [20] [21] [22] the long-term outcomes of older patients undergoing contemporary TCPC have not been well studied.
The aim of this retrospective single-center study was to review our experience with the TCPC procedure in preadolescent, adolescent, and adult patients (aged !9 years). We sought to determine the clinical characteristics, perioperative outcomes, and long-term results for this cohort, along with the potential risk factors for ventricular function, mortality, and morbidities.
PATIENTS AND METHODS
The Institutional Review Board of the Technical University of Munich approved this study. The hospital charts, laboratory data, operative reports, catheterization results, and echocardiograms of these patients were carefully reviewed. Follow-up data were available for survivors and were obtained from the outpatient clinic at our institution or from transmissions from the satellite clinic, as well as by direct patient contact.
Patients
A total of 460 patients underwent TCPC at the German Heart Center Munich between May 1994 and December 2015. To clarify the features of the older patients, the 10th percentile of older patients (aged !9 years) was selected (n ¼ 50, group A). The median age of group A patients at TCPC was 12.6 years (lower and upper quartiles: 10.0 and 15.8 years), and the oldest patient was 42 year old. Thirty-six patients (72%) were referred from elsewhere. The patients' characteristics and outcomes were compared with those of the remaining 410 patients (aged <9 years at TCPC, group B).
Operative Techniques and Postoperative Management
The operative techniques for TCPC were described in our previous report. 12 As for staged patients, the antegrade pulmonary blood flow was eliminated at the time of the BCPS for all patients. Fenestration was not routinely performed and was used only for very high-risk patients. 12, 23 Postoperatively, all patients were treated in the pediatric intensive care unit (ICU) regardless of their age. Since 2009, our institution has adopted a strategy of early extubation after TCPC. 24 
Echocardiography
The archived echocardiogram images from pre-and post-TCPC were reviewed. M-mode assessment of systemic ventricular function was performed, and the ejection fraction (EF) was calculated. 25 Impaired ventricular function was defined if the EF was lower than 50%. AVV regurgitation was graded as described in our previous study. 9 Longitudinal echocardiographic data of various times after TCPC for each patient were collected, and the impact of age at TCPC on postoperative ventricular function was analyzed using linear mixed-effects models.
Cardiopulmonary Exercise Capacity Testing
A symptom-limited cardiopulmonary exercise test on a bicycle in an upright position was performed according to our institutional protocol, 26 when the patients had reached 8 to 10 years of age. Peak oxygen uptake (VO 2 ) was defined as the highest mean uptake of any 30-second time interval during exercise. Age-, sex-, height-, and body mass-related reference values were calculated.
Identification of Factors Affecting Ventricular Function, Mortality, and Morbidities
To identify risk factors for ventricular dysfunction, mortality, and morbidities, we evaluated the variables related to the patient's primary diagnosis, cardiac morphology, type and number of palliative surgeries, and other preoperative conditions (Table E1) . independent sample t test was used to compare normally distributed variables; the Mann-Whitney test was used for variables that were not normally distributed. The chi-square test was used for categoric data. Estimated survival and freedom from reoperation, intervention, and tachyarrhythmia were determined by the Kaplan-Meier method. Univariable risk analysis was performed by the log-rank test and ordinal logistic regression analysis. For multivariable analysis, we used the Cox proportionalhazards regression method to identify the variables that were independently predictive of events. Hazard ratios with 95% confidence intervals were estimated. Final models were derived by the forward and backward stepwise selection procedure. Variables with a level of significance of less than .1 in the univariable analysis were entered into the Cox and multiple logistic regression models. For statistical analysis of longitudinal ventricular function, linear mixed-effects models with a random intercept were used to account for repeated measures within patients. Natural cubic splines were used to model the potentially nonlinear relation of the continuous predictors ''postoperative period'' and ''age at TCPC'' to the outcome ''EF.'' Therefore, the degrees of freedom (df) of the splines were varied from 1, which corresponds to a linear effect, to 5, which corresponds to a flexible nonlinear effect. Best subset selection guided by the Bayesian Information Criterion was used to select a model from all combinations of df for the splines as well as from models involving main effects only or additional interaction effects of the predictors. This selection resulted in a model of main effects only with 3 df for the spline of ''postoperative period'' and 1 df for the spline of ''age at TCPC.'' Other variables were analyzed with the same methods. Hypothesis testing was performed on exploratory 2-sided 5% significance levels. Receiver operating characteristic (ROC) curve analysis with the lower quartile of the VO 2 was performed to determine the sensitivity and specificity of age for estimating exercise capacity. The Youden Index (J) was defined as follows: J ¼ sensitivity þ specificity -1. The index was defined for all points on the ROC curve, and the maximum value of the index was used as a criterion for selecting the optimum cutoff point. The Statistical Package for the Social Sciences, version 22.0 for Windows (IBM, Ehningen, Germany) was used for analysis.
Statistical Analysis

RESULTS
Patients' Preoperative Characteristics and Features of Their Preoperative Conditions
The preoperative characteristics of patients are shown in Table 1 . Group A patients had more frequently received prior pulmonary artery banding (PAB) and less frequently BCPS surgery than group B patients. The morphology and function of the AVVs of all the study patients are summarized in Table 2 . The prevalence of 2 morphologic AVVs and heterotaxy was higher in group A than in group B patients (P ¼ .021 and P<.001, respectively) ( Table E2 ). Systemic ventricular dysfunction (EF <50%) was observed more frequently in group A than in group B patients (10 patients [20. 0%] vs 29 patients [7. 1%], respectively; P ¼ .002). The parameters measured by preoperative cardiac catheterization are shown in Table 3 .
Type of Total Cavopulmonary Connection and Indication for Fenestration
We performed a lateral tunnel TCPC in 50 patients from 1994 to 2001 (Table 4) . During this period, 24 of the 50 patients (48%) had undergone fenestration. Patients were considered as a ''high-risk'' candidate if more than 1 risk factor was present preoperatively. Risk factors included more than moderately impaired ventricular function, more than moderate AVV regurgitation, mean pulmonary arterial pressure greater than 15 mm Hg, mean atrial pressure greater than 12 mm Hg, pulmonary artery distortion, or any rhythm other than a sinus rhythm. In January 1999, we introduced the extracardiac TCPC at our institution. Gradually, construction of an intracardiac tunnel was abandoned. Since August 2001, we have performed only extracardiac TCPC, and the indication for fenestration was limited. Since 2002, only 5 patients underwent primary fenestration at the time of the TCPC ( Table 4) . Four of these patients had hypoplastic left heart syndrome associated with severe ipsilateral pulmonary artery atresia or hypoplasia. All patients underwent TCPC before the age of 9 years. The last patient had a heterotaxy syndrome with AVV regurgitation and a high mean pulmonary artery pressure after repair of the total anomalous pulmonary venous connection (TAPVC). This patient underwent TCPC at the age of 11 years. Since 2002, in the 365 patients, the percentage of fenestration was 4.5% (1/21) in group A and 1.2% (4/339) in group B (Table 4) .
Operative and Postoperative Results of Group A Patients
TCPC was performed with an extracardiac conduit in 41 patients and a lateral tunnel in 9 patients (Table 4) The 30-day mortality of group A patients was 4.0% (n ¼ 2), which was not significantly different from that of group B patients (1.5% [n ¼ 6], P ¼ .195). Among the group A patients, a 12-year-old girl presenting with double outlet right ventricle, mitral atresia, and coarctation of the aorta (CoA) died on postoperative day 16 after extracardiac TCPC. She had undergone 3 palliative operations before the TCPC procedure, namely, repair of the coarctation and PAB, placement of a Blalock-Taussig shunt, and BCPS with patch enlargement of the left pulmonary artery at 3 months, 24 months, and 12 years of age, respectively. The postoperative course was complicated by marked low cardiac output, leading to thromboembolic closure of the hepatic vein and multiple organ failure. The other patient, a 16-year-old girl presenting with a single ventricle, mitral atresia, supracardiac TAPVC, and pulmonary stenosis, died on postoperative day 8. She had undergone 4 previous palliative operations, namely, TAPVC repair, patch enlargement of the right pulmonary vein with resection of a subpulmonary stenosis, BlalockTaussig shunt placement, and redo-enlargement of the right pulmonary vein with placement of a central aortopulmonary shunt at the ages of 5, 6, 6, and 8 years, respectively. Extracardiac TCPC was performed, but massive TV regurgitation developed. The patient underwent TV replacement on postoperative day 8, but died of ventricular dysfunction.
The remaining 48 patients survived the procedure through a 30-day follow-up. Thirty-nine patients (81.3%) were extubated within 24 hours postoperatively, and 30 patients (62.5%) were discharged from the ICU within 7 days. The difference in the duration of ICU stay between the 2 patient groups was not significant (median 7.0 days in group A vs 8.0 days in group B; P ¼ .187). Seven patients underwent redo thoracotomy for pericardial tamponade 5 and TCPC, Total cavopulmonary connection; IQR, interquartile range; UVH, univentricular heart; DILV, double inlet left ventricle; ccTGA, congenitally corrected transposition of the great arteries; PAIVS, pulmonary atresia and intact ventricular septum; TA, tricuspid atresia; AVSD, atrioventricular septal defect; HLHS, hypoplastic left heart syndrome; TGA, transposition of the great arteries; DORV, double outlet right ventricle; CoA, coarctation of the aorta; TAPVC, total anomalous pulmonary venous connection; PAPVC, partial anomalous pulmonary venous connection; PAB, pulmonary artery banding; AVV, atrioventricular valve; BCPS, bidirectional cavopulmonary shunt.
bleeding. 2 Sixteen patients required late puncture of the thoracic cavity or reinsertion of chest tubes because of recurrent effusion. The difference in the rates of occurrence of prolonged pleural effusion (>7 days) between groups was not significant (30.0% in group A vs 41.8% in group B, P ¼ .108). Postoperative tachyarrhythmia did not develop in any patients. Temporary ventricular extrasystole developed in 1 patient, which had resolved by the time of discharge.
There were 16 patients with an interrupted inferior vena cava and azygos/hemi-azygos continuation, including 5 patients (10%) in group A and 11 patients (2.7%) in group B (P ¼ .008). Eleven of these patients had heterotaxy syndrome. Three patients in the early era underwent a 1-stage TCPC. The median age at TCPC was 3.3 (2.7-11.2) years. The median age for a Kawashima operation in 13 staged patients was 1.2 (0.7-2.1) years, and the median interval between the Kawashima operation and TCPC was 2.2 (1.5-3.1) years. The size of the tube used for a hepatic vein inclusion was 14 mm in 1 patient, 16 mm in 4 patients, 18 mm in 8 patients, 20 mm in 2 patients, and 22 mm in 1 patient. No early death occurred within 30 days. One patient died of ventricular failure and multiorgan failure 4 months after the TCPC, and another patient died of prolonged hypoxia 6 years after the TCPC.
Follow-up
Of 48 early survivors, 3 patients (6.3%) were lost to follow-up after hospital discharge. The median follow-up time was 12.5 (7.6-15.6) years. Late death occurred in 3 patients. The causes of death were ventricular failure, hypoxia due to intrapulmonary fistula, and sudden death during delivery (Table E3) . One patient underwent heart transplantation 5 months after TCPC. The estimated overall 5-and 15-year survivals of group A patients were 91.7% and 86.5%, respectively, which were significantly lower than the estimated survival of group B patients (96.5% and 94.0%, respectively; P ¼ .046) (Figure 1 ). When age at TCPC was used as a continuous variable, age at TCPC was not identified as a significant risk factor for survival (P ¼ .060).
Late cardiac reoperations were required for 4 group A patients (8.9%). The procedures included TV closure, fenestration closure, TCPC pathway revision, and pulmonary valve closure. The estimated freedom from cardiac reoperation at 15 years was 83.2%, which was not significantly different compared with group B patients (85.7%, P ¼ .338). Late intervention was performed for 12 group A patients (26.7%), including 7 collateral closures, 2 fenestration closures, 2 stent implantations, and 1 balloon angioplasty. The estimated freedom from intervention at 15 years was 61.6%, which was not significantly different compared with group B patients (72.4%, P ¼ .589). Late-onset tachyarrhythmia was observed in 5 group A patients (11.1%). The Kaplan-Meier estimated freedom from tachyarrhythmia at 15 years was 81.1% in group A patients, which was not significantly different compared with group B patients (91.9%, P ¼ .097).
The risk factors for mortality and morbidities in group A patients are shown in Table E4 . The number of pre-TCPC surgeries was identified as a risk for mortality (P ¼ .003). Dextrocardia was identified as a risk for reoperation (P ¼ .027), and heterotaxy was a risk for intervention (P ¼ .029). Risk factors for development of tachyarrhythmia could not be identified.
Changes in Ventricular Function and Follow-up Echocardiography
In group A, of the 10 patients who presented with an impaired ventricular function preoperatively (EF: 43.3% AE 3.3%), 4 recovered their function, but 6 continued to have impaired function (EF: 58.0% AE 5.0% vs 38.7% AE 4.3%, respectively; P<.001). Of the 40 patients who presented with normal ventricular function preoperatively (EF: 64.0% AE 8.2%), 29 had preserved ventricular function and 11 had reduced ventricular function (EF: 61.9% AE 7.3% vs 42.1% AE 6.6%, respectively; P<.001). Figure E1 demonstrates the changes in postoperative ventricular function for group A.
To analyze the longitudinal ventricular function after TCPC in all patients, linear mixed-effects models were used. In total, 4862 post-TCPC echocardiogram reports were available during follow-up (mean 11 various times for each patient). Figure 2 demonstrates the longitudinal ventricular function. There was a significant difference in postoperative EF between group A and group B (P <.001, Figure 2, A) . When age at TCPC was used as a continuous variable, older age at TCPC was identified as a significant risk factor for postoperative lower EF (P <.001, Figure 2, B) . The results of risk factor analysis for ventricular function are shown in Table 5 . Age at TCPC was identified as a significant risk with univariate model (P < .001), but it did not reach significance with the multivariate model (P ¼ .051). Pre-TCPC reduced ventricular function (P <.001), pre-TCPC end-diastolic pressure (P ¼ .04), and PAB (P ¼ .04) were identified as significant risks with multivariable analysis.
Of 19 patients who had a prior PAB, 10 demonstrated post-TCPC ventricular dysfunction, and a systemic ventricular outflow tract (SVOT) obstruction was frequently observed in them (4 with CoA, 2 with subaortic stenosis, and 1 with restrictive bulboventricular foramen): Five patients demonstrated an SVOT gradient of 10 mm Hg or more (28, 18, 16, 10, and 10 mm Hg). However, as for the 9 patients with normal ventricular function after the TCPC, an SVOT lesion was observed in only 1 patient (CoA), and no patient demonstrated an SVOT gradient of more than 5 mm Hg.
Among 427 patients (41 group A and 386 group B patients) whose echocardiographic data on AVV regurgitation FIGURE 1. Kaplan-Meier estimate for freedom from death or transplantation in patients after TCPC: comparison of groups dependent on the age at TCPC. TCPC, Total cavopulmonary connection. were available at a median follow-up of 6.8 years (lower and upper quartiles: 2.6 and 12.0 years), mild or moderate AVV regurgitation was demonstrated in 18 (43.9%) group A patients and 24 (6.2%) group B patients (P ¼ .006).
Follow-up Cardiopulmonary Exercise Testing
A total of 125 patients underwent exercise testing on a bicycle in an upright position, according to our institutional protocol (25 group A and 100 group B patients). The measured peak oxygen uptake (VO 2 ) was significantly lower in group A than in group B patients (22.3 AE 6.5 mL/kg/min vs 30.6 AE 8.1 mL/kg/min, respectively; P<.001), as well as corrected peak VO 2 values corrected for age and sex (63.8% AE 16.4% vs 72.4% AE 19.8%, respectively; P ¼ .048) ( Table 4 ). ROC analysis with lower quartiles (25th percentile) of the VO 2 found that a cutoff age of 9 years had a specificity of 0.9. The age of 2.8 years produced the maximum value for the Youden Index.
DISCUSSION
This study revealed that the TCPC procedure could be performed in preadolescent, adolescent, and adult patients, with short-term results comparable to those for young children. However, the long-term survival, ventricular function, and late exercise capacity of this older cohort were significantly worse (Video 1).
Cause of Late Referral, Indications for, and ShortTerm Results of Late Total Cavopulmonary Connection
In countries where advanced surgical procedures for congenital heart defects are available, the TCPC procedure is rarely performed in preadolescent, adolescent, and adult patients. In our series, the main cause of delayed TCPC was the late referral of patients from other countries or other states in Germany (accounting for 72% of referrals for group A patients).
Other than the completion of the Fontan circulation, few therapeutic options are available for older patients with a functional single ventricle. 27 Heart transplantation carries a high early mortality and morbidity in patients with a single ventricle, and availability is limited because of the shortage of donor organs. We were able to show that completion of the Fontan circulation via the TCPC procedure is a viable option, even for older patients.
The indications for performing the TCPC procedure are essentially the same for both older and younger patients. Mean pulmonary artery pressure (<20 mm Hg) and transpulmonary gradient (<10 mm Hg) are the main decisive parameters for decision-making. Amount of left to right shunt volume is also taken into consideration for decisionmaking. At our institution, fenestration is not routinely performed and is limited to very high-risk patients, regardless of age. 12 Stenosis of the pulmonary arteries and AVV regurgitation can be repaired before or at the time of TCPC.
The majority of group A patients appeared to tolerate the TCPC procedure very well during the first 30 days after surgery. The in-hospital mortality was similar to that of our younger patients. The incidence of unplanned reoperation was higher for older patients, mainly because of a bleeding complication. A longer cardiopulmonary bypass time and long-standing cyanosis (pre-TCPC: a higher hemoglobin level was observed in group A patients) might be the reason for this finding. Routinely, we leave in only 1 mediastinal drainage tube, but it might be better to leave in 2 or more drainage tubes in older patients. None of the patients developed postoperative atrial arrhythmia. Pace Napoleone and colleagues, 28 who also reported the midterm findings after a modified Fontan procedure for 65 patients stratified by age into 2 groups, less than 7 years versus more than 7 years of age, showed results similar to ours. Fujii and colleagues 18 reported 1 early death among 25 consecutive adult patients who had undergone a TCPC procedure, and Ly and colleagues 16 reported that none of their 32 adult patients died in the hospital after TCPC.
Long-Term Outcomes and Disadvantages of a Delayed Total Cavopulmonary Connection Procedure
In this study, overall survival was significantly lower in patients who underwent a delayed TCPC procedure. Currently, the ideal surgical program for creating the Fontan circulation is a staged strategy of performing the BCPS procedure during early infancy followed by the TCPC procedure at 1 to 4 years of age. In general, all additional pulmonary blood flow is suppressed at the time of BCPS. 29 This strategy dramatically improves early and late survival to greater than 94% at 15 years post-TCPC. [10] [11] [12] In contrast, the survival of our older study cohort was 86.5% at 15 years. Talwar and colleagues 30 demonstrated that the survival at 15 years was 84.7% in their 105 patients undergoing Fontan procedure at 10 years or older, very similar to our results. We assume that delayed completion of the Fontan circulation confers a significant disadvantage, mainly on systemic ventricular function. Our results showed that 20% of group A patients were found to have reduced preoperative ventricular function. Furthermore, longitudinal ventricular function analyzed by mixed-effects models revealed that older age at TCPC was a significant risk for worse postoperative ventricular function. In addition to these results, we found that late exercise capacity, which is a useful objective measure of ventricular functional ability, was significantly reduced in older patients. Because Qp/Qs at pre-TCPC catheterization was significantly higher in group A compared with group B and no prior BCPS was identified as a risk for postoperative ventricular dysfunction, long-standing volume loading of the systemic ventricle might cause impairment of ventricular function. Long duration of chronic cyanosis and repeated prior surgeries also cause ventricular dysfunction.
Of the 6 patients who died or received a heart transplantation, 4 required repeated surgeries for associated lesions (the TV, CoA, TAPVC, and right ventricular outflow tract). In a univariate model, previous AVV operation and CoA were also identified as risk factors for mortality. Therefore, the number of previous operations might serve as a surrogate for the risk of these associated lesions.
Factors Affecting Systemic Ventricular Function
In this study, risk factor analysis for ventricular dysfunction with mixed-effects models demonstrated that single TV was a stronger risk factor for ventricular function than dominant right ventricle (P ¼ .007 vs .045). Our results suggest that the AVV morphology (presence of TVas a systemic AVV), rather than the systemic ventricle morphology, is a more important factor influencing ventricular function. Uemura and colleagues 31 showed that significant AVV regurgitation influenced systemic ventricular function after a Fontan operation. Anderson and colleagues 32 demonstrated that semilunar and AVV regurgitation were more prevalent with right ventricular morphology and caused ventricular dysfunction. Wilder and colleagues 33 reported that the right ventricular dysfunction begins to decline before BCPS, whereas tricuspid regurgitation does not peak until after BCPS and remained elevated at 6 years in their large multicenter study. Our previous study showed that AVV regurgitation was mild or less in 90% of patients with systemic left ventricle, whereas it was mild or less in 63% of those with systemic right ventricle and 58% of the patients with unbalanced atrioventricular septal defect or common inlet ventricles. 12 AVV regurgitation (P < .001) and prior AVV procedure (P ¼ .014) were also identified as risks for ventricular dysfunction. In our study, 4 patients presenting with pre-TCPC ventricular dysfunction exhibited postoperative functional recovery. These 4 patients had no or mild AVV regurgitation. Our recent study demonstrated that impaired ventricular function recovers in half of the survivors after TCPC, and a competent AVV is a prerequisite for recovery. 34 Other previous studies also demonstrated that AVV regurgitation is closely associated with ventricular function. [10] [11] [12] PAB was also identified as a risk factor for post-TCPC ventricular dysfunction. Our results demonstrated a high association with SVOT obstruction for patients who had a prior PAB and a higher rate of ventricular dysfunction, compared with patients who had a PAB with preserved ventricular function. We assume that an SVOT obstruction is one of the main causes of systemic ventricular dysfunction after TCPC in this cohort. Alsoufi and colleagues 35 demonstrated that 40% of patients with a PAB had a risk of an SVOT obstruction and recommended a Damus-Kaye-Stansel plus shunt or Norwood-type procedure as first-stage palliation. Our institutional policy has changed to include a Norwood-type procedure rather than a PAB for patients with double inlet left ventricle (DILV) and discordant ventriculoarterial connection, tricuspid type IIc, or mitral atresia and double outlet right ventricle.
Optimal Timing of Completion for the Fontan Circulation
The optimal timing for the TCPC procedure remains unclear. Investigators have reported that delayed Fontan surgery may be harmful, especially with regard to ventricular function and exercise capacity. [7] [8] [9] We also demonstrated previously that exercise capacity was negatively correlated with age at TCPC and that younger age at TCPC was an independent predictor of better exercise capacity. 9 The results of the present study support the assumption that delayed surgery may be harmful. Not only early unloading of the single ventricle but also early elimination of chronic cyanosis may be the most important factors involved in Fontan palliation for patients with a single ventricle. In this study, ROC analysis using cardiopulmonary exercise data demonstrated that the age of 2.8 years produced the maximum value of the Youden Index. We believe that early completion of the Fontan circulation might preserve systemic ventricular function, prevent (or at least mitigate) the harmful consequences of the Fontan circulation, and provide better functional ability.
Study Limitations
This study is limited by its retrospective, nonrandomized, single-center design. In addition, the small number of outcomes limits the statistical power of analysis. Data were not available at consistent follow-up periods for every patient. Qualitative assessment and grading are not the most accurate methods for evaluating ventricular function, and M-mode assessment of ventricular function in nonstandard-shaped ventricles is not a standardized method. Patients referred from other institutions might have a different history and quality of their remote medical and surgical management, and these factors could affect long-term outcomes. Changes over time in surgical and medical management might have affected the long-term outcomes. Changes in surgical management include the introduction of extracardiac TCPC since 1999 and nonfenestrated policy since 2001. 23 A tangible change regarding postoperative management was the adoption of an early extubation strategy even for unstable patients. 24 Another limitation of the study was that not all patients had a recent cardiopulmonary exercise test. As for group B, many patients had not yet reached the age of 8 to 10 years, so a reliable cardiopulmonary exercise test could not be performed. Furthermore, some patients in both groups did not have regular follow-up in our congenital cardiologic outpatient department, so only medical reports from other institutions without exercise tests were available. The modest number of cardiopulmonary exercise tests might have limited the reliability of the results. The limited number of events might limit the reliability of the Cox regression results in some cases (end points).
CONCLUSIONS
The TCPC procedure performed in preadolescent, adolescent, and adult patients provided short-term results with no significant difference in 30-day or hospital mortality compared with those in young children. However, long-term survival and late ventricular performance might be reduced in these older patients, mainly because of impaired ventricular function.
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FIGURE E1. Tree diagram showing changes of ventricular function in group A patients (TCPC !9 year old). *P < .001. **P < .001. ***P <.001. TCPC, Total cavopulmonary connection; EF, ejection fraction; HTx, heart transplantation; TV, tricuspid valve; AVVR, atrioventricular valve regurgitation; PAB, pulmonary artery banding.
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